advancements in screen technology, tablet computer platforms offer an additional consideration for an interpretational monitors.
The initial stages of tooth decay are known to be loss of mineral concentration of the tooth's enamel, creating a visible white spot. The areas between the teeth are not visible to the naked-eye. For this reason dental radiographs can be made to assess those areas.
After sufficient progression the white spots will become noticeable on a dental radiograph.
If appropriate imaging, viewing, and accurate interpretation are accomplished early decay intervention can be recommended. Often with effective less invasive treatment protocols.
With multiple monitors available to dentists, we wanted to know if more advanced viewing options would impact the diagnostic ability of a dentist to accurately diagnose early tooth decay. The dentists looked at 120 images on five monitors: Two medical grade, one consumer, and two tablet monitors. We found that the medical grade monitors did not offer a diagnostic advantage or that tablets did not have a negative impact on the dentist's diagnostic accuracy. For this specific application there is no significant difference between the monitors tested. 
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CHAPTER 1. INTRODUCTION
Digital radiography has become a mainstay in dentistry in the last couple of decades. Based on the acquisition receptor type, digital radiography is broadly classified into computed radiography and digital radiography. Irrespective of the technology used to acquire images, off the shelf displays are commonly used for viewing these digital radiographs in dentistry. While medical radiology relies principally on auto-calibrating medical displays with robust criteria for both display selection and calibration standards. 1 The imaging monitor is a very important component in Digital radiology. The monitor should be able to accurately display the true clinical status, given that failure result in missed opportunity for intervention. The Evaluation of pantomographs in subdued lighting combined with a 6 mega pixel monitor proved to be significantly impactful on the observational performance of a less experienced practioner when compared to a more experienced dentist. 2 Additionally, a recent study showed a PC tablet to have significantly lower accuracy when detecting enamel caries. 3 In contrast, tablet computers have reliably shown anatomical landmarks in panoramic and lateral cephalometric radiographs. There have been studies of the efficacy in the evaluation of anatomical landmarks on tablets. There have also been a few studies in the dental literature, which have compared the effects of using medical displays, off-the-shelf consumer monitors and/or computer tablets on the diagnosis of dental diseases like caries. [3] [4] [5] However there was not a study found that included secondary caries as a diagnostic variable.
Incipient or enamel caries are often subtle radiographic findings. The subtlety and subjectivity of the radiographic identification of incipient carious lesions can complicate and/or prolong a clinical visit, potentially impacting treatment. Early detection and treatment will most likely improve the general oral health of a patient, as the progression of an active incipient lesion will result in frank decay. Recurrent caries is the most common reason for restoration replacement, even though a scientific basis for the diagnosis has not been consistent. 6 However, the combination of a clinical tactile exam and radiographic evaluation has been shown to be both effective and economical for caries diagnosis. 7 The aim of this study was to assess if the auto calibrating medical grade monitors perform better in comparison to off the shelf and tablet monitors for the identification of artificial incipient caries-like lesions at common primary and secondary caries locations.
CHAPTER 2. MATERIALS & METHODS
Tooth selection
No IRB approval was required for this in vitro study as the specimens and images are a part of a previous study. 8 The following is a summary of the specimen preparation and imaging acquisition accomplished by Belem et al. 8 Sixty extracted human teeth (30 molars and 30 premolars) were chosen for this in vitro study. Only unrestored, non-carious teeth with a fully formed crown and a morphology within the range of normal anatomical variations were chosen. All teeth were extracted as part of orthodontic therapy or due to an impaction. Following the disinfection of all the teeth with 2% glutaraldehyde, they were stored in a pH neutral saline solution. An additional molar and premolar were chosen and set aside to be used as the second molar and first premolar in every phantom quadrant created, no manipulations of these two teeth were made. One half of the molars and premolars were randomly divided into either an experimental or a control group. The control group was not demineralized whereas the experimental group underwent the demineralization protocol in order to create an artificial caries-like lesion.
Molar amalgam restorations
All 30 molars had a class II restoration prepared by a high-speed water cooled hand piece adapted to the mobile platform of an optical microscope ( Figure 1 ). By utilizing this preparation machine, the movement of tooth in relation to the fixed hand piece could be controlled with steady precision. After preparation of all molars, they were restored by an amalgam restoration material (Permite C -regular setting speed, SDI, San Francisco, CA, USA). The amalgam restorations were condensed in small increments, carved, and margins burnished. After 24 hours of saline storage, the restorations were polished. Half (15) of the amalgam restored molars were selected for the experimental demineralization protocol. The demineralization protocol used a buffer solution that was at 50% saturation when compared to the dental enamel. The demineralizing solution had a pH of 4.8 and was composed of 0.05 M acetate buffer, 1.12 mM calcium, 0.77 mM phosphate, and 0.03 ppm fluoride. 9 This solution has been proven to induce subsurface demineralization in other in vitro studies. 9, 10 The recommended ratio is to use 2 mL of demineralizing solution to 1 mm 2 surface area of exposed enamel. The area to be exposed to the demineralization solution was 7 mm 2 . Therefore the experimental group teeth were each submerged in 14 mL of solution and incubated at 37 o C for 120 days. At 60 days of immersion, the demineralizing solution was replaced in order to avoid supersaturation and stagnation of the demineralization rate. 10 In order to validate the protective properties of the fast-drying acidresistant red nail varnish, the specimens in control group were separated into two subgroups. Fifteen specimens were kept individually on a cotton pellet moistened with distilled and deionized water, at 37 o C for 120 days. The other 15 specimens of control group were totally coated on their crown with the red nail varnish, and underwent the same demineralization protocol as experimental group. At the conclusion of the observational phase both control groups underwent the same sectioning and microhardness evaluation as the experimental group. There was no significant difference between the mean Knoop microhardness numbers between the two control sub-groups (p > 0.05), confirming the protective properties of the nail varnish. Therefore both control subgroups were used as the experimental controls in the final comparisons.
Phantom description and digital radiographs
After the demineralization protocol, phantoms of four teeth were created and (Table 1) . An acrylic device was used to assist in the positioning of the sensors and phantoms.
By employing the use of a phantom positioner, the distance and angles were fixed and standardized (radiation source to sensor 40 cm, object to sensor 15 mm; vertical angle at 
Composite restorations
The amalgam class II restorations were then removed from all 30 molars and replaced with a composite restoration. Only the center of the amalgam restoration was removed by a high speed hand piece creating a relief, which allowed complete removal of all the amalgam restoration without creating any unwanted damage to the standardized cavity preparation. Any residual amalgam was removed by a hand instrument, again maintaining the integrity of the cavity preparation and/or the artificially demineralized zone. The non-altered preparations were then restored with Charisma composite (Heraeus Kulzer, Hanau, Germany) using the oblique incremental technique. No adhesive system was used to prevent it from penetrating into the demineralized area and potentially affecting the radiodensity of that area. A 22 Joule light curing energy was used. The resin restorations were finished and polished with a series of aluminum discs (SofLex, 3M/ESPE, MN, USA).
No second demineralization protocol was administered. The above mentioned molar amalgam phantom quadrant pairings were then re-accomplished this time with the molar in the first molar position having a class II composite present. A second group of 60 images were obtained (Table 2 ). The two phases of imaging generated a total of 120 images that were organized onto a master key noting restoration type and presence or absence of demineralized areas on the individual teeth. The 120 TIFF images were then randomized and assigned an image number from 1-120.
Monitors
All 120 images were viewed on five different monitors. The technical specifications are summarized in table 4. 
Observation environment
All observations were made in subdued lighting conditions within The University of Iowa, College of Dentistry's radiology interpretation room. The observers were blinded to the study design. There was a brief calibration period to familiarize each observer with the usage of both the software and hardware. Specifically they were instructed to limit their evaluation area to the distal surface of the tooth in the second premolar position and to the mesial surface of the tooth in the first molar position. They were asked to look for enamel In order to evaluate intra-observer agreement a minimum of three months passed prior to reviewing all 120 images on all 5 monitors under similar observational lighting conditions.
Gold standard
The demineralized areas were quantified and validated by Knoop cross-sectional microhardness profiling which has been proven to be as effective at determining mineral profiles of areas of demineralization as microradiography. 11 After longitudinal sectioning of the teeth, digital microhardness testing was accomplished with an FM Series microhardness tester (Future-Tech Corp., Tokyo, Japan) and the dedicated FM-ARS 7000 software (Sun-Tec Corp., Novi, MI, USA).The average depth of enamel demineralization was 0.291 mm ( Figure 5 ). 
Statistical analysis
The intraexaminer and interexaminer agreement were calculated according to 
CHAPTER 3. RESULTS
The Intra-observer agreement (Kappa) ranged from 0.347 (fair) to 0.612 (substantial) for the restored molar and 0.617 (substantial) to 0.811 (almost perfect) agreement for the premolar (Table 5) No statistically significant differences in Accuracy (Ac) for the molar when comparing the restoration material (P = 0.526), monitor (P= 0.354) or the different monitors and restoration materials (P = 0.994). No statistically significant differences in Ac for the premolar when comparing the restoration material (P = 0.278), monitor (P= 0.342) or the different monitors and restoration materials (P = 0.816). The mean AUC values were grouped in Table 8 and Table 9 . There were no statistically significant differences between the monitors, the type of restoration, or between the monitor and the material type for either the molar or premolar groups. Figures   6 and 7 provide a visual demonstration of similar areas under the curve, which were not statistically significant. Similarly Figures 8 and 9 demonstrate similar areas under the curve, they also demonstrate a higher true-positive as they approach the ROC value of 1 when compared to the restored molar ROC curves. This visual implies that the observers more accurately diagnosed primary rather than secondary incipient caries-like lesions. The ability to accurately discern the presence or absence of an incipient lesion is an arduous and often inconclusive process, but nonetheless necessary as an indicator in determining caries risk and disease progression.
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The diagnostician's resources for viewing radiographs is continually evolving. The highly competitive field of electronic manufacturing demands a high quality and impactful product to justify the cost. In the case of the medical grade monitor this cost is often substantial when compared to an off the shelf monitor or tablet. The ability of the medical grade monitors to auto-calibrate and provide optimal screen contrast in a given lighted setting with minimal manual oversight is just one technical advantage over an off the shelf monitor or tablet. 1 The medical grade monitors are assumed to be superior when the images to be evaluated have finer characteristics or are of higher complexity such as a threedimensional cone beam or multi-detector computed tomographic image. In regards to finer detail or subtle differences in radiodensity of a lesion, one study has shown medical grade monitors significantly impacted the detection of T1a part-solid lung cancer nodules when compared to a "general purpose" monitor, by low-experienced observers. 14 Further, the early detection of these more subtle identifiers, directly impact prognosis when referring to lung nodules. 14 In the present study, when comparing the observer's accuracy in identifying a primary versus a secondary incipient caries-like lesion, we reinforced an expected outcome that the presence of a restoration impairs the accuracy of enamel caries detection. By contrast, the interpretation of a primary lesion was more accurate. This also confirms the complicated decision making process when considering restoration replacement, especially at the initial demineralization phases of recurrent decay. The radiograph alone, unless there is obvious evidence of frank decay, may not remove uncertainty as to the diagnosis of enamel secondary caries.
Most of the reviewed studies had findings similar to ours, meaning there was no significant difference between monitors when viewing the same images of primary enamel caries. 5, 15, 16 Some exceptions were differences in accuracy. These slight differences however were usually without statistical significance between medical grade and off the shelf monitors for caries detection. One study has stood out, Araki et al 3 which found that the iPad Air tablet had a significantly lower accuracy than both a Barco medical monitor and a standardized off-the-shelf monitor; in that study the tablet was the only nonstandardized display. While we also did not standardize any of the non-auto DICOM calibrating monitors, we found no significant difference between monitors. The reason given by Araki et al 3 for the difference was related to the novelty of usage of the tablet display by the observers. While this may be a valid explanation, it was not confirmed in our study. As the use of the tablets did not hinder the diagnostic accuracy nor increase the difficulty of the observer's interaction with the images on the monitors.
The intraobserver and interobserver agreements were measured after a three month interval so that there would be little to no possibility of memory bias. The interval window length is longer than the more commonly reported two weeks, however it is approximately half that of some other studies which reviewed images after at least six months. 2, 17, 18 In two studies by Hellén-Halme et al 19, 20 they reported intraobserver agreement ranging from fair to moderate, which was similar to our restored molar agreement. 19, 20 However our intraobserver agreement was significantly higher than Hellén-Halme et al 19, 20 for the primary caries detection on the premolar, which was observed to be from moderate to almost perfect. The interobserver agreements were similar to that of Hellén-Halme et al 19, 20 in regards to the restored molar; again the premolar had a higher agreement range reaching almost perfect. Although Hellén-Halme et al 19, 20 did not themselves find statistically significant differences, perhaps the variation in light levels led to more uncertainty by the observers and therefore lower agreements (fair to good) when evaluating primary caries. Baltacioĝlu et al 21 showed that, when viewing the more advanced images generated by CBCT, the medical grade monitors resulted in the highest accuracy for secondary caries detection. They compared sets of TIFF images of a CBCT scan on a variety of monitor types ranging from laptops to smartphones. The significant finding of their study occurred when the images were viewed on the medical grade monitor as 3-dimensionally reconstructed volumes utilizing the dedicated Planmeca (Planmeca Romexis, IL, USA)
software. However, accuracy of all monitors was lower when evaluating secondary caries associated with the amalgam versus the composite restorations. This was expected, considering the metal artifact generated by the amalgam restoration immediately adjacent to the area of interest. The beam hardening and/or starvation would hinder the diagnostic accuracy of the images. 21 In our study, we did not find a statistical significant difference between the amalgam and composite recurrent detection accuracy; however we evaluated two dimensional images which do not generate tomographic artifacts.
One study showed a statistically significant difference between monitors for enamel caries detection. 3 They also found that after the caries was into the dentin layer the statistical significance found within the enamel observation was no longer observed. 3 This could be interpreted to mean that the more advanced disease of dentinal caries will be accurately displayed regardless of monitor type. Or, said another way, the subtleness of early enamel disease will not be portrayed on all monitors. 3 However, Ludlow et al 3 showed
no statistical difference when comparing accuracy between enamel and dentinal caries on digital monitors, but there was no tablet component in that study. These two studies with the addition of our own findings continue to build a research platform for evaluating multiple display options.
The in vitro model used in this study is inherently limited in the ability to draw direct clinical correlations. The artificial caries are not exact representations of the biological process of incipient-caries. However, considering that this study is noninvasive and in vitro, it provides a reasonable alternative to assess any potentially significant differences in the performance of the diagnostic monitors. The locations of the artificial demineralized areas were positioned at common locations of clinical occurrence for either primary or secondary caries. By manually constructing a phantom of a quadrant, a reasonable but not perfect clinical situation was replicated. With that said, the ability to section the teeth and confirm the true presence of an incipient caries-like lesion was invaluable as it removed any radiographic disputes of interpretation, and the true accuracy of interpretation could be measured. The study was conducted in an unquantified subdued lighting setting; adding measured values of light during interpretation sessions in the future would assist in replicating this study.
The perceived limitations of the off-the-shelf monitors and computer tablets are their lack of auto-DICOM calibration function. However, in this study there were no findings to suggest that the observers were meaningfully impacted by the use of the medical grade monitors over the off-the-shelf monitor or tablet for the accurate interpretation of the presence or absence of the artificial caries-like lesions in a low lighting environment.
